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THREE-STAGE HEAT EXCHANGER FOR AN AIR-COOLED CONDENSER 

Field of the invention 

The invention is related to a heat exchanger for 

5 condensing exhaust steam from a steam turbine of for 

example a power plant. More specifically, the invention is 

related to a V-shaped heat exchanger and to a W-shaped heat 

exchanger comprising two V-shaped heat exchangers. 

The invention is also related to an air-cooled 

10 condenser (ACC) comprising a V-shaped heat exchanger or a 

W-shaped heat exchanger. 

According to a further aspect of the invention, 	a 

method is provided for condensing exhaust steam from a 

steam turbine using an air-cooled condenser. 

15 

Description of prior art 

Various air-cooled condenser (ACC) types for 

condensing steam from a power plant are known in the art. 

These air-cooled condensers make use of heat exchangers 

20 formed by a number of finned condensing tubes arranged in 

parallel. The finned condensing tubes are in contact with 

the ambient air and when steam passes through the tubes, 

the steam gives off heat and is eventually condensed. 

Typically, a number of condensing tubes placed in parallel 

25 are grouped for forming a tube bundle. A heat exchanger 

can comprise multiple tube bundles. 

Motorized fans located either below or above the tube 

bundles generate, respectively, a forced air draft or an 

induced air draft through the condensing tubes. In order 

30 to have a sufficient air volume to circulate, the fans and 

the heat exchanger are placed at a high elevation with 

respect to the floor level. 	Depending on the detailed 
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design of the air-cooled condenser, elevations of for 

example 4 to 20 m are required. 

The condensing tubes are placed in a vertical position 

or an inclined position with respect to a horizontal level. 

5 In this way, when condensate is formed in the condensing 

tubes, it can flow by gravitation to the lower tube end 

where condensate is collected in a drain that is coupled 

with a condensate collector tank. 

A generally well known geometry for a heat exchanger is 

10 a geometry wherein the condensing tubes are positioned in a 

delta-shape geometry wherein the condensing tubes receive 

the exhaust steam from a top steam supply manifold that is 

connected at upper tube ends of the condensing tubes. In 

this geometry, when in operation, the steam and the 

15 condensate in the condensing tubes flow in the same 

direction, in a so-called co-current mode (also named 

parallel mode). 	A drain duct is coupled to lower ends of 

the condensing tubes for collecting the condensate. 	The 

condensing tubes of these heat exchangers can have a length 

20 of for example 10 to 12 meter. 

An alternative geometry for a heat exchanger is a so- 

called V-shaped geometry wherein the condensing tubes are 

positioned in a V-shaped geometry. 	Such a V-shaped heat 

exchanger comprises a first set and a second set of 

25 condensing tubes that are inclined with respect to a 

vertical plane. An opening angle 8 between the first set of 

tubes and the second set of tubes is formed wherein the 

opening angle 8 has a typical value between 40° and 80°. 

An example of a V-shaped based ACC is described in US 

30 patent US3707185. 	In this example, multi-row condensing 

tubes are placed in a V-shaped geometry and the heat 

exchanger operates in a counter-current mode (also named 

counter-flow mode) wherein steam and condensate flow in an 
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opposite direction. The steam supply manifold comprises a 

drain section to drain the condensate coming from each of 

the condensing tubes of the V-shaped heat exchanger. The 

upper tube ends of the condensing tubes are connected with 

5 vent valves to extract non-condensable gases. This heat 

exchanger is called a single stage heat exchanger as steam 

is condensed during one passage through a single condensing 

tube. In this V-shaped heat exchanger, as the steam supply 

manifold is supplying the exhaust steam to lower tube ends 

10 of the condensing tubes, the steam and the condensate flow 

in an opposite direction, i.e. a counter-current mode. 

One of the problems with the single stage V-shaped heat 

exchanger described in US3707185 is that due to variable 

condensing rates in the multi-row tubes dead zones in the 

15 tubes can occur that fill up with non-condensable gases. 

This reduces the efficiency of the heat exchanger. 	In 

addition, due to this non-efficient evacuation of the non- 

condensable gases, 	freezing of condensate in the tube 

bundles can occur during winter and cause serious damage to 

20 the condensing tubes. 

In patent publication US7096666, an ACC with a V-shaped 

heat exchanger is described wherein the V-shaped heat 

exchanger comprises single-row condensing tubes having a 

tube length of 10 meter. 	When in operation, this heat 

25 exchanger uses a two-stage condensing scheme. 	The 

condensing tubes of the first stage condenser are placed in 

a V-shaped geometry and are designed such that after a 

passage of the steam through a first condensing tube, not 

all steam is condensed. 	In US7096666, the steam that is 

30 not condensed during a first passage through a condensing 

tube is collected at the upper tube end and transported via 

a transfer pipe to a second stage condenser operating in a 

counter-current mode. 	This second stage condenser is 
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positioned in a plane perpendicular to the above mentioned 

vertical plane and the second stage condenser uses 

dedicated fans for generating an air flow through the 

second stage condenser. The second stage condenser is 

5 configured to extract non-condensable gases. 

One of the problems with the ACC described in US7096666 

is that the first stage condenser, which is a V-shaped 

condenser, is complex and requires means for injecting the 

exhaust steam into both the lower and upper tube ends of 

10 the condensing tubes. 	The top connecting manifold is 

configured for both extracting and injecting steam and a 

transfer pipe is needed to transport the remaining steam 

towards the second condenser. 	The tubes of the second 

condenser are positioned vertically and incorporated in the 

15 end walls of the ACC. 	This ACC also needs dedicated 

support structure to support the second condenser and the 

dedicated fans of the second condenser. In US7096666, the 

condensing tubes of the first and the second stage 

condenser are also different. The condensing tubes of the 

20 first stage condenser require specific side steam 

extraction openings. 	Although the ACC of US7096666 

provides for a solution for reducing the above mentioned 

dead zones and also provides a system to extract the non- 

condensable gases, the ACC has a drawback of being complex 

25 resulting in increased cost. 	Also, in view of the 

complexity and various equipment components and support 

structures needed, the time on site to assembly and erect 

this type of ACC is increased. 

In 	US2017/0234168A1, 	an 	air-cooled 	condenser 

30 comprising V-shaped heat exchangers operating in a co- 

current mode is disclosed. 	Tube bundles, placed in a V- 

geometry, are connected with their upper ends to steam 

supply lines and a condensate collector is connected to the 
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lower ends of the tube bundles. A drawback of the V-shaped 

heat exchanger disclosed in this document is that dedicated 

support structures are needed to support the tube bundles, 

the steam supply line and the condensate collectors as 

5 illustrated for example in Fig. 5 and Fig. 6 of 

US2017/0234168A1. 	Indeed, this V-shaped heat exchanger 

is mounted on a support bracket extending in a longitudinal 

direction parallel to the steam supply lines and the tube 

bundles are further supported by lateral struts and/or by a 

10 secondary triangular-shaped lattice support structure. The 

support bracket is attached to a central support pillar 

that is supporting a fan. A further drawback of this V- 

shaped heat exchanger is that the exhaust steam has to be 

supplied at a higher altitude as the steam is supplied to 

15 the tube bundles from the top and hence the system requires 

additional steam supply piping to bring the exhaust steam 

to the needed altitude. Such a complex support structure to 

support the V-shaped heat exchangers results in an 

increased cost of an air-cooled condenser and also results 

20 in an increased time to assemble the air-cooled condenser. 

Summary of the invention 

It is an object of the present invention to provide a 

new and improved robust heat exchanger that reduces the 

25 potential risk of freezing of condensate in the condensing 

tubes and that at the same time allows to build a cost- 

effective air-cooled condenser having a reduced production 

and installation time. 

The present invention is defined in the appended 

30 independent claims. Preferred embodiments are defined in 

the dependent claims. 

According to a first aspect of the invention, a V- 

shaped heat exchanger for condensing exhaust steam from a 
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turbine is provided. 	Such a V-shaped heat exchanger 

comprises a first set of primary tubes and a second set or 

primary tubes. 	The primary tubes of the first set are 

single-row condensing tubes placed in parallel and inclined 

5 with an angle 61 with respect to a vertical plane V, and 

wherein 15°<61<80°, preferably 20°<61<40°. 	The primary 

tubes of the second set are single-row condensing tubes 

placed in parallel and inclined with an angle 62 with 

respect to the vertical plane, and wherein 15°<62<80°, and 

10 wherein an opening angle 6 = 61+62 is formed between the 

first set of primary tubes and said second set of primary 

tubes.. 

The V-shaped heat exchanger comprises a steam supply 

manifold coupled with lower tube ends of the primary tubes 

15 of the first set of primary tubes and coupled with lower 

tube ends of the primary tubes of the second set of primary 

tubes. 	The steam supply manifold comprises a steam supply 

section for transporting the exhaust steam to the lower 

tube ends of the primary tubes of the first and second set 

20 of primary tubes, and a condensate drain section configured 

for draining condensate from the primary tubes of the first 

set and the second set of primary tubes. 

The V-shaped heat exchanger according to the invention 

is characterized in that it comprises a first set of 

25 secondary tubes and a second set of secondary tubes. 	The 

secondary tubes of the first set are single-row condensing 

tubes placed in parallel and inclined with said angle 61 

with respect to the vertical plane V. The secondary tubes 

of the second set are single-row condensing tubes placed in 

30 parallel and inclined with said angle 62 with respect to 

the vertical plane such that the opening angle 6=61+62 is 

formed between the first set of secondary tubes and the 

second set of secondary tubes. 
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The V-shaped heat exchanger comprises at least a first 

set of tertiary tubes, wherein the tertiary tubes of the 

first set are placed in parallel and inclined with the 

angle 81 with respect to said vertical plane V, preferably 

5 the tertiary tubes are single-row condensing tubes. 

The V-shaped heat exchanger according to the invention 

further comprises a first top connecting manifold, a second 

top connecting manifold, a bottom connecting manifold and 

at least a first evacuation manifold for evacuating non- 

10 condensable gases. 

The first top connecting manifold is coupling upper tube 

ends of the primary tubes of the first set of primary tubes 

with upper tube ends of the secondary tubes of the first 

set of secondary tubes. 

15 	The second top connecting manifold is coupling upper 

tube ends of the primary tubes of the second set of primary 

tubes with upper tube ends of the secondary tubes of the 

second set of secondary tubes. 

The bottom connecting manifold is coupled with lower 

20 tube ends of the secondary tubes of the first set of 

secondary tubes, coupled with lower tube ends of the 

secondary tubes of the second set of secondary tubes and 

coupled with lower tube ends of the tertiary tubes of the 

at least first set of tertiary tubes. 

25 	The at least first evacuation manifold for evacuating 

non-condensable gases is coupled with upper tube ends of 

the tertiary tubes of the at least first set of tertiary 

tubes. 

The bottom connecting manifold comprises a draining 

30 means configured for draining condensate from the secondary 

tubes of the first set and the second set of secondary 

tubes and for draining condensate from tertiary tubes of 

the at least first set of tertiary tubes. 
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Advantageously, by coupling the condensing tubes as 

claimed, a three stage heat exchanger is formed wherein 

steam can flow in three consecutive condensing tubes and 

wherein non-condensable gases are efficiently evacuated. 

5 When in operation, in a first stage, the primary tubes of 

the first and second set of primary tubes operate in a 

counter-current mode where steam and condensate flow in an 

opposite direction. 	In a second stage, remaining steam 

that is not condensed in the first stage is further 

10 condensed in a co-current mode in the secondary tubes of 

the first and second set of secondary tubes. 	Finally, in 

a third stage, the tertiary tubes operate in a counter- 

current mode to condense further remaining steam that is 

not condensed during the first and second stage. 	The 

15 three stage condensation scheme allows for an effective 

evacuation of non-condensable gases through the evacuation 

manifold coupled to the upper tube ends of the tertiary 

tubes. 	Indeed, the non-condensable gases are driven along 

with the steam through the sequence of primary, secondary 

20 and tertiary tubes. The non-condensable gases end up in a 

top portion of the tertiary tubes where they are extracted. 

In this way, no dead zones are created in the condensing 

tubes and hence the risk of condensate freezing in the 

winter period is strongly reduced. 

25 	Advantageously, by placing all the tubes in a V-shaped 

geometry, the assembly work and erection work on site is 

facilitated. For example, the V-shaped heat exchanger with 

the condensing tubes, the top manifolds and the bottom 

steam supply manifold can first be pre-assembled and then 

30 be lifted as one entity and be placed on a support 

understructure. 

Advantageously, by using a steam supply manifold 

supplying steam at the lower tube ends of the primary 
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tubes, the steam supply manifold is located in the vertex 

region of the V-shaped heat exchanger. 	In this way, the 

steam supply manifold also acts as strengthening element 

and support element for the heat exchanger. For example, 

5 no additional support structures are needed to support the 

condensing tubes and the top manifolds. 

In addition, a fan deck can be placed on top of the top 

manifolds and the weight of the fans can hence also be 

supported by the steam supply manifold. 	A further 

10 advantage of placing the primary, secondary and tertiary 

tubes in a V-shaped geometry is that the same fans, can be 

used for cooling the various tubes. 

Advantageously, the same type of single-row condensing 

tubes can used for the primary, secondary and tertiary 

15 condensing tubes. 

The invention also relates to a W-shaped heat exchanger 

for condensing exhaust steam from a turbine comprising a 

first V-shaped heat exchanger and a second V-shaped heat 

exchanger placed adjacently to the first V-shaped heat 

20 exchanger such that the steam supply manifold of the first 

V-shaped heat exchanger is positioned parallel with the 

steam supply manifold of the second V-shaped heat 

exchanger. 

The advantage of using a W-shaped heat exchanger is 

25 that for example a single row of fans extending in the 

direction of the steam supply manifold can be placed on top 

of the heat exchanger. These fans can be configured to blow 

air in each of the two V-shaped heat exchangers. In this 

way, the number of fans that are needed can be reduced. 

30 	The invention further relates to an air-cooled 

condenser comprising a W-shaped heat exchanger. 	Such an 

air-cooled condenser comprises a fan configured for 

supplying cooling air to the W-shaped heat exchanger. The 

andrea.cuevas
Rectangle



WO 2019/091869 	 PCT/EP2018/080009 

10 

air-cooled condenser according to the invention further 

comprises a support understructure configured for elevating 

the W-shaped heat exchanger with respect to a ground floor. 

Advantageously, by lifting the steam supply manifolds, the 

5 entire W-shaped heat exchanger is lifted and hence the 

support understructure does not need a support bracket in 

the direction of the steam supply manifold as the steam 

supply manifolds itself act as longitudinal support 

structures. 

10 	According to a second aspect of the invention, a method 

for condensing exhaust steam from a turbine using an air- 

cooled condenser is provided as defined in the appended 

claims. 

15 Short description of the drawings 

These and further aspects of the invention will be 

explained in greater detail by way of example and with 

reference to the accompanying drawings in which: 

Fig.1 schematically illustrates a side view of a part of a 

20 	 V-shaped heat exchanger according to the invention; 

Fig.2 shows a cross section of the V-shaped heat exchanger 

of Fig. 1 taken through a plane A; 

Fig.3 shows a cross section of the V-shaped heat exchanger 

of Fig. 1 taken through a plane B; 

25 Fig. 4 shows part of a cross section of the V-shaped heat 

exchanger of Fig. 1 taken through a plane C; 

Fig. 5 shows a cross sectional view of a part of an 

alternative embodiment of a V-shaped heat exchanger 

according to the invention; 

30 Fig. 6a schematically illustrates a first side view of a 

part of a further example of a V-shaped heat 

exchanger according to the invention; 
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Fig. 6b schematically illustrates a second side view of the 

V-shaped heat exchanger of Fig. 6a; 

Fig. 7 shows a cross sectional view of a part of W-shaped 

heat exchanger; 

5 Fig. 8 shows a cross sectional view of a part of an 

exemplary embodiment of a W-shaped heat exchanger; 

Fig. 9 shows a front view of an example of an air-cooled 

condenser according to the invention; 

Fig. 10 shows a side view of an understructure of an air- 

10 	 cooled condenser according to the invention; 

Fig. 11 shows a front view of a further example of an air- 

cooled condenser according to the invention. 

The figures are not drawn to scale. Generally, 

identical components are denoted by the same reference 

15 numerals in the figures. 

Detailed description of preferred embodiments 

According to a first aspect of the invention a V- 

shaped heat exchanger for condensing exhaust steam from a 

20 turbine is provided. 

Such a V-shaped heat exchanger for condensing exhaust 

steam from a turbine comprises a first set of primary tubes 

91 and a second set of primary tubes 94. 	The primary 

tubes of the first set are single-row condensing tubes 

25 placed in parallel and inclined with an angle 61 with 

respect to a vertical plane V, and wherein 15°<61<80°. 

The primary tubes of the second set are single-row 

condensing tubes placed in parallel and inclined with an 

angle 62 with respect to the vertical plane, and wherein 

30 15°<62<80°, and such that, as illustrated on Fig.2, 	an 

opening angle 6 = 81+82 is formed between said first set of 

primary tubes 91 and said second set of primary tubes 94. 

In preferred embodiments, 20°<61<40° and 20°<62<40°. 
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The single-row condensing tubes are state of the art 

condensing tubes which are commercially available. 	Each 

single-row condensing tube comprises a core tube having a 

cross sectional shape that is either circular, oval, 

5 rectangular or rectangular with half-round ends. 	The 

single-row condensing tubes further comprises fins attached 

to sides of the core tube. Typically, the cross section of 

a single-row tube is about 10 cm2  to 60 cm2. For example, a 

rectangular shaped tube has a typical cross section of 2 cm 

10 	by 20 cm. 

As illustrated on Fig. 1 and Fig. 2, the V-shaped heat 

exchanger comprises a steam supply manifold 21 configured 

for receiving exhaust steam from the turbine. 	The steam 

supply manifold 21 is coupled with lower tube ends of the 

15 primary tubes of the first set of primary tubes 91 and 

coupled with lower tube ends of the primary tubes of the 

second set of primary tubes 94. 

Figure 2 shows a cross sectional view, taken through a 

plane A, of the V-shaped heat exchanger shown on Fig. 1. 

20 This figure illustrates the V-shaped position of the 

primary single-row condensing tubes and shows the angles 81 

and 82 with respect to the vertical plane V. 

The V-shaped heat exchanger according to the invention 

also comprises a first set of secondary tubes 92 and a 

25 second set of secondary tubes 95. The secondary tubes of 

the first set 92 are placed in parallel and inclined with 

the angle 81 with respect to the vertical plane V and the 

secondary tubes of the second set 94 are placed in parallel 

and inclined with the angle 82 with respect to the vertical 

30 plane such that the opening angle 8 = 81+82 is formed 

between the first set of secondary tubes 92 and the second 

set of secondary tubes 95. Both the secondary tubes of the 

first and the second set are single-row condensing tubes. 
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Figure 3 shows a cross sectional view of the V-shaped 

heat exchanger shown on Fig. 1 taken through a plane B, 

illustrating the V-shaped position of the secondary 

condensing tubes. 

	

5 	The V-shaped heat exchanger according to the invention 

further comprises at least a first set of tertiary tubes 

93, wherein the tertiary tubes of the first set are placed 

in parallel and inclined with the angle 61 with respect to 

the vertical plane V. 	Preferably, the tertiary tubes are 

10 also single-row condensing tubes. 

The V-shaped heat exchanger 1 according to the 

invention is characterized in that it comprises, as 

illustrated on Fig. 2, a first top connecting manifold 31 

and a second top connecting manifold 32. 

	

15 	The first top connecting manifold 31 is coupling upper 

tube ends of the primary tubes of the first set of primary 

tubes 91 with upper tube ends of the secondary tubes of the 

first set of secondary tubes 92. The second top connecting 

manifold 32 is coupling upper tube ends of the primary 

20 tubes of the second set of primary tubes 94 with upper tube 

ends of the secondary tubes of the second set of secondary 

tubes 95. With the coupling of the first and second 

connecting manifolds, primary and secondary condensing 

tubes are placed in series. In this way, steam that is not 

25 condensed in the primary tubes of the first set of primary 

tubes can flow, along with non-condensable gases, to the 

secondary tubes of the first set of secondary tubes and 

steam that is not condensed in the primary tubes of the 

second set of primary tubes can flow along with non- 

30 condensable gases to the secondary tubes of the second set 

of secondary tubes. 

The V-shaped heat exchanger 1 according to the 

invention is characterized in that it comprises a bottom 

andrea.cuevas
Rectangle



WO 2019/091869 	 PCT/EP2018/080009 

14 

connecting manifold 22 coupled with lower tube ends of the 

secondary tubes of the first set of secondary tubes 92, 

coupled with lower tube ends of the secondary tubes of the 

second set of secondary tubes 95 and coupled with lower 

5 tube ends of the tertiary tubes of the at least first set 

of tertiary tubes 93. 	In this way, when in operation, 

remaining steam that is not condensed in the primary or 

secondary tubes can be transported via the bottom 

connecting manifold 22 to the tertiary tubes of the at 

10 least first set of tertiary tubes. This remaining steam can 

then be condensed in the tertiary tubes. 

As illustrated on Fig. 1, the V-shaped heat exchanger 1 

according to the invention comprises at least a first 

evacuation manifold 41 for evacuating non-condensable 

15 gases; 	The first evacuation manifold 41 is coupled with 

upper tube ends of the tertiary tubes of the at least first 

set of tertiary tubes 93. 

As further illustrated on Fig. 1 and Fig. 2, the steam 

supply manifold 21 comprises a steam supply section 65 and 

20 a condensate drain section 61. The steam supply section 65 

allows for transporting the exhaust steam to the lower tube 

ends of the primary tubes of the first 91 and second 94 set 

of primary tubes. 	The condensate drain section 61 allows 

for draining condensate from the primary tubes of the first 

25 set 91 and the second set 94 of primary tubes. 

Generally, the steam supply manifold 21 is slightly 

inclined such that condensate in the condensate drain 

section 61 flows under gravity in a direction opposite to 

the steam inflow direction. 

30 	Generally, the condensate drain section 61 comprises a 

first condensate output for coupling to a condensate 

collector tank. Typically a pipeline is used to make the 
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coupling between the first condensate output and the 

condensate collector tank. 

In embodiments, the condensate drain section 61 

comprises a baffle 25 separating the steam supply section 

5 65 from the condensate drain section 61. In this way the 

flow of the exhaust steam and the flow of the condensate 

are not mutually disturbed. 	The baffle 25, illustrated 

with a dotted line in Fig. 1 and Fig. 2, 	is located in a 

bottom part of the main steam supply manifold 21. Typically 

10 the baffle 25 comprises a plate with openings such that the 

condensate can fall down from the steam supply section 65 

into the condensate drain section 61. 

As further illustrated on Fig. 1, Fig. 3 and Fig. 4, 

the bottom connecting manifold 22 comprises a draining 

15 means 62 configured for draining condensate from the 

secondary tubes of the first set 92 and second set of 

secondary tubes 95 and for draining condensate from 

tertiary tubes of the at least first set of tertiary tubes 

93. 

20 	Generally, the draining means 62 comprises a second 

condensate output for coupling to the condensate collector 

tank. Typically, a further pipeline is used to make this 

coupling between the second condensate output and the 

condensate collector tank. In this way, all condensate is 

25 collected in a common condensate collector tank. 

In preferred embodiments, as illustrated on Fig. 3, 

the V-shaped heat exchanger according to the invention 

comprises 

a second set of tertiary tubes 96, wherein the tertiary 

30 tubes of the second set are placed in parallel and inclined 

with the angle 62 with respect to the vertical plane V . 

In this geometry, the opening angle 6=61+62 is also formed 
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between the first set of tertiary tubes 93 and the second 

set of tertiary tubes 96. 

In these preferred embodiments, the bottom connecting 

manifold 22 is also coupled with lower tube ends of the 

5 tertiary tubes of the second set of tertiary tubes 96. 

Preferably, the tertiary tubes of the second set of 

tertiary tubes 96 are also single-row condensing tubes. As 

schematically illustrated on Fig. 3, a second evacuation 

manifold 42 for evacuating non-condensable gases is coupled 

10 with upper tube ends of the tertiary tubes of the second 

set of tertiary tubes 96. In these preferred embodiments, 

the draining means 62 are further configured for draining 

condensate from tertiary tubes of the second set of 

tertiary tubes 96. 

15 	The operation of the heat exchanger according to the 

invention is further discussed. 	The heat exchanger for 

condensing exhaust steam from a turbine typically operates 

at a pressure in the range between 70 mbar and 300 mbar 

corresponding to a steam temperature in the range between 

20 39°C and 69°C. 	The black arrows on Fig. 1 represent the 

flow of steam and/or non-condensable gases through the V- 

shaped heat exchanger. 	When in operation, the exhaust 

steam from the turbine enters the main steam supply 

manifold 21 and the main steam supply manifold 21 

25 redistributes the steam to the primary tubes of the first 

and second set of primary tubes. The steam and condensate 

in the primary tubes flow in an opposite direction. 

Indeed, the condensate formed in the primary tubes will 

flow by gravitation back to the main steam supply manifold 

30 21 where the condensate drain section 61 collects and 

drains the condensate. This mode of operation is called 

counter-flow mode. The primary tubes perform a first stage 

of the condensing process. 
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The remaining steam that is not condensed after a 

single passage through a primary condensing tube of the 

first set of primary tubes is collected in the first top 

connecting manifold 31. Similar, remaining steam that is 

5 not condensed after a single passage through a primary 

condensing tube of the second set of primary tubes is 

collected by the second top connecting manifold 32. 	The 

first top connecting manifold 31 and the second top 

connecting manifold 32 supply the remaining steam to the 

10 secondary tubes of respectively the first and second set of 

secondary tubes. 	The secondary condensing tubes operate 

in a so-called co-current mode wherein the steam and the 

formed condensate flow in the same direction. 	The 

secondary tubes perform a second stage of the condensing 

15 process. 

The bottom connecting manifold 22 collects the 

remaining steam that is nor condensed in the primary tubes 

nor condensed in the secondary tubes and transports this 

remaining steam to the tertiary tubes. 

20 	The tertiary tubes also operate in the counter-current 

mode. The tertiary tubes perform a third and last stage of 

the condensing process. During the three condensing stages, 

non-condensable gases are also flowing through the sequence 

of condensing tubes and are collected and evacuated by the 

25 evacuation manifold for non-condensable gases. 

When in operation, the non-condensable gases are swept 

into the upper region of the tertiary tubes where they can 

be removed. 	The evacuation manifold comprises an ejector 

for extracting the non-condensable gases. 	Typically, a 

30 vacuum pump is coupled to the first evacuation manifold 41 

and/or the second evacuation manifold 42 for pumping the 

non-condensable gases and blowing them in the atmosphere. 

These type of evacuation manifolds for extracting non- 
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condensable gases are known in the art and are used for 

example for a dephlegmator stage (also named reflux), also 

operating in a counter-current mode, of a classical delta- 

type heat exchanger. 

	

5 	In the embodiments according to the invention, the 

condensing tubes are configured such that the majority of 

the exhaust steam is condensed in the primary tubes 

(typically 60% to 80%) and a further fraction is condensed 

in the secondary tubes (typically 10% to 30%). 	In the 

10 tertiary tubes only a small fraction of the total exhaust 

steam is condensed (typically 10% or less). The amount of 

steam that is condensed in the three condensing stages is 

determined by the number of primary, secondary and tertiary 

tubes. 

	

15 	Typically the primary and secondary tubes of the heat 

exchanger according to the invention have a tube length TL 

in the range of 4 meter 	TL 7 meter. In preferred 

embodiments, the tube length is between 4.5 and 5.5 m. 

In some embodiments, as schematically illustrated on Fig. 

20 1, the length of the condensing tubes of the tertiary tubes 

is shorter than the length of the primary tubes and the 

secondary tubes. 	In this embodiment, the shorter length 

allows for example to install the evacuation manifold as 

illustrated on Fig.1. In other embodiments, as illustrated 

25 on Fig. 6a and Fig. 6b, the tube length of the tertiary 

tubes is the same as the tube length of the primary and 

secondary tubes. 

A known phenomenon when using a heat exchanger in a 

counter-current mode is the so-called flooding phenomenon 

30 that can block or partly block the flow of the steam 

through the tubes. This results in a large pressure drop. 

The flooding occurs when the steam entering the condensing 

tubes has a high velocity and as result forces the 
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condensate to reorient in an upward direction. 	To address 

this flooding problem, the heat exchanger is to be designed 

such that a critical velocity where the flooding occurs is 

not reached. 

5 	As discussed above, prior art heat exchangers, such as 

for example delta-type heat exchangers operating in a co- 

current mode, typically use condensing tubes having a tube 

length between 10 and 12 meter. A typical velocity of the 

steam entering the condensing tubes of these delta-type 

10 heat exchangers is about 100 m/s. 	Using such long tube 

length of 10 meter as primary tubes for the heat exchanger 

according to the invention could be critical for what 

concerns the flooding problem. 

If the length of the condensing tubes is reduced by for 

15 example a factor of two, in order to maintain the same heat 

exchange surface and hence the same heat exchange capacity, 

the number of condensing tubes needs to be doubled. 	The 

advantage in doing so is that the velocity of the steam 

entering the condensing tubes is also reduced by about a 

20 	factor of 2. 

Therefore, in preferred embodiments according to the 

invention, the tube length TL of the primary tubes is in 

the range of 4 meter 	TL 7 meter. 	In this way, the 

velocity of the steam entering the tubes is reduced when 

25 compared to the long tubes of 10 to 12 meter of classical 

delta-type heat exchangers and problems related to flooding 

can be avoided. 

A further advantage of the reduced velocity of the 

steam is that the pressure drop in the heat exchanger is 

30 reduced and hence the performance of the heat exchanger is 

improved. 	Indeed, the pressure drop in a condensing tube 

is proportional with the square of the entrance velocity of 

the steam. 	Therefore, if reducing the velocity of the 
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steam entering a condensing tube by a factor of two, the 

pressure drop in a condensing tube is reduced by a factor 

of four. 

Hence, although the heat exchanger according to the 

5 invention is using three condensing stages with primary, 

secondary and tertiary tubes, the total pressure drop is 

still lower when compared to the total pressure drop in for 

example a classical delta-type heat exchanger where two 

condensing stages are used: a first stage heat exchanger in 

10 co-current mode and a second stage dephlegmator in counter- 

current mode. 

In practice, a number of parallel single-row 

condensing tubes are grouped together to form a tube 

bundle. 	A first tube plate and a second tube plate is 

15 respectively welded to the lower and upper ends of the 

tubes of the bundle. The tube plates are thick-walled metal 

sheets with holes. The first tube plate is then welded to 

the steam supply manifold and the second tube plate is 

welded to a top manifold. 	In this way the coupling 

20 between the manifolds and the condensing tubes is 

established. 	This coupling between the tubes and the 

manifolds has to be construed as a fluid-tight coupling 

such that leaks in the heat exchanger are minimized. 

The width W of the tube bundle is determined by the 

25 number of condensing tubes in the bundle. 	In some 

embodiments, the tube bundles have a same standard width W 

of for example 2.5 m, which facilitates the manufacturing 

process of the various tube bundles. 

The sets of primary, secondary and tertiary tubes can 

30 comprise a different number of tube bundles. For example, 

in the embodiment shown on Fig. 6a, the first set of 

primary tubes 91 comprises six tube bundles having a width 

W and are referenced by the numbers 91a, 91b, 91c, 91d, 91e 
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and 91f. The first set of secondary tubes 92 comprises two 

tube bundles, also having a width W, and identified with 

reference numbers 92a and 92b. 	The first set of tertiary 

tubes 93 comprises one tube bundle 93a which in this 

5 example also has the same width W. In this embodiment, as 

further illustrated on Fig. 6b, the second set of primary 

tubes 94 comprises six tube bundles referenced by the 

numbers 94a, 94b, 94c, 94d, 94e and 94f, the second set of 

secondary tubes 95 comprises two tube bundles 95a and 95b 

10 and the secondary set of tertiary tubes 96 comprises one 

tube bundle 96a. 

As schematically illustrated on Fig. 2 and Fig.6a, the 

length of the tube bundles is determined by the length TL 

of the single-row condensing tubes. 

15 	As illustrated in Fig. 6a and Fig. 6b, the first top 

connecting manifold 31 and the second top connecting 

manifold can comprise various sub-manifolds. 	In the 

example shown on Fig. 6a, the first top manifold 31 

comprises two sub-manifolds 31a and 31b and as shown on 

20 Fig.6b, the second top connection manifold 32 comprises two 

sub-manifolds 32a and 32b. 

In embodiments, as illustrated on Fig. 3 and Fig.4, 

the steam supply manifold 21 comprises a separated 

compartment forming the bottom connecting manifold 22. In 

25 other words, the bottom connecting manifold 22 is 

integrated inside the steam supply manifold 21. 	For 

example, the separated compartment can be obtained by 

welding one or more metal plates inside the steam supply 

manifold 21. As the steam supply manifolds typically have 

30 a diameter between one and three meter, welding the plates 

on the inside of the steam supply manifold to form the 

bottom connecting manifold 22 is a cost-effective way to 

perform this activity at the site of installation. 
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As mentioned above, the bottom connecting manifold 22 

comprises a draining means 62 configured for draining 

condensate from the secondary and tertiary tubes. 	The 

draining means 62 has to be construed as a channel or 

5 trench for draining the condensate. 	Typically, the bottom 

connecting manifold 22 comprises an upper and a lower 

section. The lower section is forming the draining means 

62. 	In some embodiments, a further baffle can be used to 

separate this lower section from the upper section. 	In 

10 this way, the flow of steam from the secondary tubes to the 

tertiary tubes in the upper section is separated from the 

flow from the condensate in the lower section. 	The 

condensate drained with the draining means 62 is further 

transported via a further duct to the condensate collector 

15 tank (not shown on the figures). 

In the embodiments shown on Fig. 3 and Fig. 4, the 

bottom connecting manifold 22 is formed by a single cavity 

that is receiving remaining steam from the secondary tubes 

of both the first and second set of secondary tubes. As 

20 shown on Fig.4, in this embodiment, the lower tube ends of 

the tertiary tubes of the first and second set of tertiary 

tubes are also connected to this single cavity for 

receiving the remaining steam and non-condensable gases 

coming from the first and second set of secondary tubes. 

25 	In alternative embodiments, illustrated on Fig. 5, the 

bottom connecting manifold 22 is formed by two separated 

cavities. 	In this embodiment, 	the bottom connecting 

manifold 22 comprises a first connecting part 22a and a 

second connecting part 22b corresponding to the two 

30 cavities. The first connecting part 22a is connecting the 

lower tube ends of the secondary tubes of the first set of 

secondary tubes 92 with the lower tube ends of the tertiary 

tubes of the first set of tertiary tubes 93. The second 
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connecting part 22b is connecting the lower tube ends of 

the secondary tubes of the second set of secondary tubes 94 

with the lower tube ends of the tertiary tubes of the 

second set of tertiary tubes 96. 	The first and second 

5 connecting part can for example be formed by welding a 

first and a second tube element on the inside of the main 

steam supply manifold. In this way, two separate cavities 

are formed within the main steam supply manifold. 

In these alternative embodiments, shown on Fig. 5, the 

10 first connecting part 22a and the second connecting part 

22b comprise respectively a first 62a and a second 62b 

drain compartment. 	This first 62a and second 62b drain 

compartment are forming the draining means 62 of the bottom 

distribution manifold 22. 

15 	Generally, due to a pressure drop in the heat exchanger, 

the pressure in the bottom connecting manifold 22 is lower 

than the pressure in the steam supply manifold. 	As a 

consequence, the temperature of the condensate in the 

bottom connecting manifold is also lower than the 

20 temperature of the condensate in the steam supply manifold. 

Therefore, integrating the bottom connecting manifold 

inside the steam supply manifold gives an advantage that 

the condensate in the bottom connecting manifold is in 

contact, through the walls of the bottom connecting 

25 manifold, with the exhaust steam in the steam supply 

manifold. This has the advantage effect that the 

temperature of the condensate in the bottom connection 

manifold is increased. 	In this way, sub-cooling of the 

condensate is minimized. 

30 	However, the bottom connecting manifold 22 is not 

necessarily integrated inside the steam supply manifold 21. 

For example, in other embodiments, the steam supply 

manifold 21 is reduced in diameter at the location of the 
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secondary and tertiary tubes to allow to install a bottom 

connecting manifold 22 that is coupled to the secondary and 

tertiary tubes but that is separated from the main steam 

supply manifold 21. 

	

5 	The invention is also related to a so-called W-shaped 

heat exchanger 2 for condensing exhaust steam from a 

turbine. 	Such a W-shaped heat exchanger 2, as illustrated 

on Fig. 7 and Fig. 8, comprises a first V-shaped heat 

exchanger la and 

10 a second V-shaped heat exchanger lb placed adjacently to 

the first V-shaped heat exchanger la. 	The steam supply 

manifold of the first V-shaped heat exchanger la is 

parallel with the steam supply manifold of the second V- 

shaped heat exchanger lb. 

	

15 	In a preferred embodiment of a W-shaped heat exchanger 

2, as illustrated on Fig. 8, the second top connecting 

manifold of the first V-shaped heat exchanger la and the 

first top connecting manifold of the second V-shaped heat 

exchanger lb are forming a single common 33 top connecting 

20 manifold for the first la and the second lb V-shaped heat 

exchanger. 	Using a common top connecting manifold 33 

increase the strength of the heat exchanger. 

The invention also relates to an air-cooled condenser 

10 comprising a V-shaped heat exchanger as discussed above 

25 and wherein a condensate collector tank is coupled with the 

condensate drain section 61 of the steam supply manifold 21 

and coupled with the draining means 62 of the bottom 

connecting manifold 22. 	In this way, all condensate that 

is formed in the heat exchanger is collected in a common 

	

30 	collector tank. 

As illustrated with Fig. 9 and Fig. 11, the invention 

is also related to an air cooled condenser 10 comprising a 

W-shaped heat exchanger 2 and a support understructure 80 
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configured for elevating the W-shaped heat exchanger 2 with 

respect to a ground floor 85. The W-shaped air cooled 

condenser 10 further comprises a fan support assembly 

supporting a fan 71. The fan 71 is configured for inducing 

5 an air draft through the W-shaped heat exchanger. The fan 

support assembly comprises a fan deck 70 coupled to the top 

connecting manifolds of the W-shaped heat exchanger 2. 

Typically, the support understructure 80 of the air 

cooled condenser 10 is configured to elevate each of the 

10 steam supply manifolds 21 at a height H>4m with respect to 

the ground floor 85. 

Advantageously, due to this V-shaped geometry of the 

heat exchangers and due to the use of steam supply 

manifolds located in the vertex region of the V-shaped heat 

15 exchangers, 	both the support understructure and the fan 

support structure can be simplified when compared to prior 

art air cooled condensers such as described in 

US2017/0234168A1. 	With the V-shaped or W-shaped heat 

exchanger according to the invention, there is no need of a 

20 support bracket extending in a longitudinal direction 

parallel to the steam supply lines as is the case in 

US2017/0234168A1. Indeed with the heat exchanger according 

to the invention, the steam supply manifolds act as the 

longitudinal support structure and the support 

25 understructure only extends in a direction perpendicular to 

the steam supply manifolds as further illustrated in Fig. 

10 showing part of a side view of an understructure 

supporting the steam supply manifold. With this simplified 

understructure the number of steel needed is strongly 

30 reduced. 	In addition, as discussed above the fans 71 can 

be supported through a fan deck located on top of the top 

connecting manifolds such that no specific central pillar 

is needed as in US2017/0234168A1 to support a fan. 
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In other embodiments, as illustrated on Fig. 11, the 

air cooled condenser 10 comprises two or more W-shaped heat 

exchangers 2a and 2b. 	The two or more W-shaped heat 

exchangers 2a,2b are placed adjacently to each other such 

5 that the steam supply manifolds 21 of each of the one or 

more W-shaped heat exchanger are parallel. Also for these 

embodiments, a support understructure 80 is configured for 

elevating the two or more W-shaped heat exchangers 2 with 

respect to a ground floor 85. 	One or more fans 71 

10 configured for inducing an air draft through the two or 

more W-shaped heat exchangers are provided and a support 

assembly 50 supports the one or more fans. 

According to a further aspect of the invention a method 

is provided for condensing exhaust steam from a turbine 

15 using an air-cooled condenser. The method comprises steps 

of 

• providing a first set of primary tubes 91, wherein 

the primary tubes of the first set are single-row 

condensing tubes placed in parallel and inclined with 

20 	an angle 61 with respect to a vertical plane V, and 

wherein 15°<61<80°, preferably 20°<61<40°, 

• providing a second set of primary tubes 94, wherein 

the primary tubes of the second set are single-row 

condensing tubes placed in parallel and inclined with 

25 	an angle 62 with respect to said vertical plane V, 

and wherein 15°<62<80°, preferably 20°<62<40°, and 

wherein an opening angle 8 = 81+82 is formed between 

said first set of primary tubes 91 and said second 

set of primary tubes 94, 

30 	• providing a first set of secondary tubes 92, wherein 

the secondary tubes of the first set are single-row 

condensing tubes placed in parallel and inclined with 

said angle 61 with respect to said vertical plane V, 
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• providing a second set of secondary tubes 95, wherein 

the secondary tubes of the second set are single-row 

condensing tubes placed in parallel and inclined with 

said angle 82 with respect to said vertical plane V 

	

5 	such that the opening angle 8=81+82 is formed between 

said first set of secondary tubes 92 and said second 

set of secondary tubes 95, 

• providing at least a first set of tertiary tubes 93, 

wherein the tertiary tubes of the first set are 

	

10 	placed in parallel and inclined with said angle 61 

with respect to said vertical plane V, preferably 

said tertiary tubes are single-row condensing tubes, 

• supplying the exhaust steam to lower ends of the 

primary tubes of said first set of primary tubes 91 

	

15 	and said second set 94 of primary tubes, 

• collecting at upper ends of the primary tubes of the 

first set of primary tubes a first remaining steam 

that is not condensed in the first set of primary 

tubes and supplying said first remaining steam to 

	

20 	upper ends of said secondary tubes of said first set 

of secondary tubes 92, 

• collecting at upper ends of the primary tubes of the 

second set of primary tubes 94 a second remaining 

steam that is not condensed in the second set of 

	

25 	primary tubes and supplying said second remaining 

steam to upper ends of secondary tubes of said second 

set of secondary tubes 95, 

• collecting at lower ends of the secondary tubes of 

the first and second set of secondary tubes a further 

	

30 	remaining steam that is not condensed in the 

secondary tubes of the first and second set of 

secondary tubes and supplying said further remaining 
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steam to lower ends of said tertiary tubes of said at 

least first set of tertiary tubes 93, 

• evacuating non-condensable gases at upper ends of the 

tertiary tubes of the at least first set of tertiary 

	

5 	tubes 93, 

• collecting condensate from the primary tubes of the 

first and second set of primary tubes, from the 

secondary tubes of the first and second set of 

secondary tubes and from the tertiary tubes of the at 

	

10 	least first set of tertiary tubes and draining the 

collected condensate towards a condensate collector 

tank. 

The present invention has been described in terms of 

specific embodiments, which are illustrative of the 

15 invention and not to be construed as limiting. More 

generally, it will be appreciated by persons skilled in the 

art that the present invention is not limited by what has 

been particularly shown and/or described hereinabove. The 

invention resides in each and every novel characteristic 

20 feature and each and every combination of characteristic 

features. Reference numerals in the claims do not limit 

their protective scope. 

Use of the verb "to comprise" does not exclude the 

presence of elements other than those stated. 

	

25 	Use of the article "a", "an" or "the" preceding an 

element does not exclude the presence of a plurality of 

such elements. 

30 
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Claims 

1. A V-shaped heat exchanger (1) for condensing exhaust 

steam from a turbine comprising 

• a first set of primary tubes (91), wherein the 

	

5 	primary tubes of the first set (91) are single-row 

condensing tubes placed in parallel and inclined with 

an angle 81 with respect to a vertical plane (V), and 

wherein 15°<61<80°, preferably 20°<61<40°, 

• a second set of primary tubes (94), wherein the 

	

10 	primary tubes of the second set (94) are single-row 

condensing tubes placed in parallel and inclined with 

an angle 82 with respect to said vertical plane (V), 

and wherein 15°<62<80°, preferably 20°<62<40°, and 

wherein an opening angle 8 = 81+82 is formed between 

	

15 	said first set of primary tubes (91) and said second 

set of primary tubes (94), 

• a steam supply manifold (21) coupled with lower tube 

ends of the primary tubes of the first set of primary 

tubes (91) and coupled with lower tube ends of the 

	

20 	primary tubes of the second set of primary tubes(94), 

and wherein said steam supply manifold (21) comprises 

a) a steam supply section (65) for transporting the 

exhaust steam to the lower tube ends of the 

primary tubes of the first (91) and second (94) 

	

25 	 set of primary tubes, and 

b) a condensate drain section (61) configured for 

draining condensate from the primary tubes of 

the first set (91) and the second set (94) of 

primary tubes, 

30 characterized in that said V-shaped heat exchanger (1) 

comprises 
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• a first set of secondary tubes (92), wherein the 

secondary tubes of the first set are single-row 

condensing tubes placed in parallel and inclined with 

said angle 61 with respect to said vertical plane (V), 

	

5 	• a second set of secondary tubes (95), wherein the 

secondary tubes of the second set are single-row 

condensing tubes placed in parallel and inclined with 

said angle 82 with respect to said vertical plane (V) 

such that the opening angle 8=81+82 is formed between 

	

10 	said first set of secondary tubes (92) and said second 

set of secondary tubes (95), 

• at least a first set of tertiary tubes (93), wherein 

the tertiary tubes of the first set are placed in 

parallel and inclined with said angle 61 with respect 

	

15 	to said vertical plane (V), preferably said tertiary 

tubes are single-row condensing tubes, 

• a first top connecting manifold (31) coupling upper 

tube ends of the primary tubes of the first set of 

primary tubes (91) with upper tube ends of the 

	

20 	secondary tubes of the first set of secondary tubes 

(92), 

• a second top connecting manifold (32) coupling upper 

tube ends of the primary tubes of the second set of 

primary tubes (94) with upper tube ends of the 

	

25 	secondary tubes of the second set of secondary tubes 

(95), 

• a bottom connecting manifold (22) coupled with lower 

tube ends of the secondary tubes of the first set of 

secondary tubes (92), coupled with lower tube ends of 

	

30 	the secondary tubes of the second set of secondary 

tubes (95) and coupled with lower tube ends of the 

tertiary tubes of the at least first set of tertiary 

tubes (93), 
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• at least a first evacuation manifold (41) for 

evacuating non-condensable gases, wherein said first 

evacuation manifold (41) is coupled with upper tube 

ends of the tertiary tubes of the at least first set 

	

5 	of tertiary tubes (93), 

and wherein said bottom connecting manifold (22) 

comprises 

• a draining means (62) configured for draining 

condensate from the secondary tubes of the first set 

	

10 	(92) and the second set of secondary tubes (95) and 

for draining condensate from tertiary tubes of the at 

least first set of tertiary tubes (93). 

2. A V-shaped heat exchanger (1) according to claim 1 

	

15 	comprising 

• a second set of tertiary tubes (96), wherein the 

tertiary tubes of the second set (96) are placed in 

parallel and inclined with said angle 62 with respect 

to said vertical plane (V) such that the opening 

	

20 	angle 8 = 81+82 is formed between said first set of 

tertiary tubes (93) and said second set of tertiary 

tubes (96), and wherein said bottom connecting 

manifold (22) is coupled with lower tube ends of the 

tertiary tubes of said second set of tertiary tubes 

	

25 	(96), preferably said tertiary tubes of the second 

set (96) are single-row condensing tubes, and 

• a second evacuation manifold (42) for evacuating non- 

condensable gases, wherein said second evacuation 

manifold (42) is coupled with upper tube ends of the 

	

30 	tertiary tubes of the second set of tertiary tubes 

(96), and wherein said draining means (62) are 

further configured for draining condensate from 
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tertiary tubes of the second set of tertiary tubes 

(96). 

3. A V-shaped heat exchanger (1) according to any of 

	

5 	previous claims wherein said steam supply manifold (21) 

comprises a baffle (25) separating the steam supply 

section (65) from the condensate drain section (61). 

4. A V-shaped heat exchanger (1) according to any of 

	

10 	previous claims wherein said steam supply manifold (21) 

comprises a separated compartment forming said bottom 

connecting manifold (22). 

5. A V-shaped heat exchanger (1) according to claim 4 

	

15 	wherein said separated compartment is obtained by 

welding one or more metal plates inside said steam 

supply manifold (21). 

6. A V-shaped heat exchanger (1) according to any of 

	

20 	previous claims wherein said bottom connecting manifold 

(22) comprises a lower compartment forming said draining 

means (62). 

7. A V-shaped heat exchanger (1) according to any of claims 

	

25 	2 to 5 wherein said bottom connecting manifold (22) 

comprises a first connecting part (22a) and a second 

connecting part (22b), and wherein said first connecting 

part (22a) is connecting lower tube ends of the 

secondary tubes of the first set of secondary tubes (92) 

	

30 	with lower tube ends of the tertiary tubes of the first 

set of tertiary tubes (93), and wherein said second 

connecting part (22b) is connecting lower tube ends of 

the secondary tubes of the second set of secondary tubes 

andrea.cuevas
Rectangle



WO 2019/091869 	 PCT/EP2018/080009 

33 

(95) with lower tube ends of the tertiary tubes of the 

second set of tertiary tubes (96). 

8. A V-shaped heat exchanger (1) according to claim 7 

	

5 	wherein said first connecting part (22a) and said second 

connecting part (22b) comprise respectively a first 

(62a) and a second (62b) condensate drain collector and 

wherein said first (62a) and second (62b) condensate 

drain collector are forming said draining means (62) of 

	

10 	the bottom connecting manifold (22). 

9. A V-shaped heat exchanger (1) according to any of 

previous claims wherein the primary tubes of the first 

set of primary tubes are grouped in one or more primary 

	

15 	tube bundles, wherein the primary tubes of the second 

set of primary tubes are grouped in one or more further 

primary tube bundles, wherein the secondary tubes of the 

first set of secondary tubes are grouped in one or more 

secondary tube bundles, wherein the secondary tubes of 

	

20 	the second set of secondary tubes are grouped in one or 

more further secondary tube bundles and wherein the 

tertiary tubes of the first set of tertiary tubes are 

grouped in one or more tertiary tube bundles and/or 

wherein the tertiary tubes of the second set of tertiary 

	

25 	tubes are grouped in one or more further tertiary tube 

bundles. 

10.A V-shaped heat exchanger (1) according to any of 

previous claims wherein said condensate drain section 

	

30 	(61) comprises a first condensate output for coupling to 

a condensate collector tank, and wherein said draining 

means (62) comprises a second condensate output for 

coupling to the condensate collector tank. 
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11.A V-shaped heat exchanger (1) according to any of 

previous claims wherein the primary tubes of the first 

set (91) and the second set (94) of primary tubes and 

the secondary tubes of the first set (92) and second set 

	

5 	(95) of secondary tubes have a tube length in a range 

between 4 meter and 7 meter. 

12.A W-shaped heat exchanger (2) for condensing exhaust 

steam from a turbine comprising 

	

10 	• a first V-shaped heat exchanger (1a) according to 

any of previous claims, 

• a second V-shaped heat exchanger (lb) according to 

any of previous claims placed adjacently to said 

first V-shaped heat exchanger (1a) and wherein the 

	

15 	 steam supply manifold of the first V-shaped heat 

exchanger is positioned parallel with the steam 

supply manifold of the second V-shaped heat 

exchanger. 

20 13.A W-shaped heat exchanger (2) according to claim 12 

wherein the second top connecting manifold of the first 

V-shaped heat exchanger (1a) and the first top 

connecting manifold of the second V-shaped heat 

exchanger (lb) are forming a single common (33) top 

	

25 	connecting manifold for the first (1a) and the second 

(lb) V-shaped heat exchanger. 

14.An air-cooled condenser (10) comprising 

• a W-shaped heat exchanger (2) according to claim 12 

	

30 	 or claim 13, 

• a support understructure (80) configured for 

elevating the W-shaped heat exchanger (2) with 

respect to a ground floor (85), 
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• a fan (71) configured for supplying cooling air to 

the W-shaped heat exchanger (2). 

15.An air-cooled condenser (10) comprising 

	

5 	• a V-shaped heat exchanger (1) according to any of 

claims 1 to 11; 

• a condensate collector tank coupled with said 

condensate drain section (61) of the steam supply 

manifold (21) and coupled with said draining means 

	

10 	 (62) of the bottom connecting manifold (22). 

16. A method for condensing exhaust steam from a turbine 

using an air-cooled condenser, the method comprising 

steps of 

	

15 	• providing a first set of primary tubes (91), wherein 

the primary tubes of the first set are single-row 

condensing tubes placed in parallel and inclined with 

an angle 61 with respect to a vertical plane (V), and 

wherein 15°<61<80°, preferably 20°<61<40°, 

	

20 	• providing a second set of primary tubes (94), wherein 

the primary tubes of the second set are single-row 

condensing tubes placed in parallel and inclined with 

an angle 82 with respect to said vertical plane (V), 

and wherein 15°<62<80°, preferably 20°<62<40°, and 

	

25 	wherein an opening angle 8 = 81+82 is formed between 

said first set of primary tubes (91) and said second 

set of primary tubes (94), 

• providing a first set of secondary tubes (92), 

wherein the secondary tubes of the first set are 

	

30 	single-row condensing tubes placed in parallel and 

inclined with said angle 61 with respect to said 

vertical plane (V), 
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• providing a second set of secondary tubes (95), 

wherein the secondary tubes of the second set are 

single-row condensing tubes placed in parallel and 

inclined with said angle 62 with respect to said 

	

5 	vertical plane (V) such that the opening angle 8 = 

81+82 is formed between said first set of secondary 

tubes (92) and said second set of secondary tubes 

(95), 

• providing at least a first set of tertiary tubes 

	

10 	(93), wherein the tertiary tubes of the first set are 

placed in parallel and inclined with said angle 61 

with respect to said vertical plane (V), preferably 

said tertiary tubes are single-row condensing tubes, 

• supplying the exhaust steam to lower ends of the 

	

15 	primary tubes of said first set of primary tubes (91) 

and said second set (94) of primary tubes, 

• collecting at upper ends of the primary tubes of the 

first set of primary tubes a first remaining steam 

that is not condensed in the first set of primary 

	

20 	tubes and supplying said first remaining steam to 

upper ends of said secondary tubes of said first set 

of secondary tubes (92), 

• collecting at upper ends of the primary tubes of the 

second set of primary tubes (94) a second remaining 

	

25 	steam that is not condensed in the second set of 

primary tubes and supplying said second remaining 

steam to upper ends of secondary tubes of said second 

set of secondary tubes (95), 

• collecting at lower ends of the secondary tubes of 

	

30 	the first and second set of secondary tubes a further 

remaining steam that is not condensed in the 

secondary tubes of the first and second set of 
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secondary tubes and supplying said further remaining 

steam to lower ends of said tertiary tubes of said at 

least first set of tertiary tubes (93), 

• evacuating non-condensable gases at upper ends of the 

	

5 	tertiary tubes of the at least first set of tertiary 

tubes (93), 

• collecting condensate from the primary tubes of the 

first and second set of primary tubes, from the 

secondary tubes of the first and second set of 

	

10 	secondary tubes and from the tertiary tubes of the at 

least first set of tertiary tubes and draining the 

collected condensate towards a condensate collector 

tank. 
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